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ABSTRACT 


The dynamic and static response of the proposed NPS 
Wwecean insurument platiorm is investigated by developing and 
solving linear differential equations of motion of the Tower 
in surge, heave, and pitch. The motion is expressed as a 
response spectrum which is directly proportional to a wave 
spectrum as the exciting force. The analysis is made for 
various aoe euTeere 4 Orme of the lateral restraining cables 
Means both a five point and nine point mooring system. For 
all configurations, the heave response of the tower is found 
to be less than one percent of wave height. The stability 
Semune tower in pitch is found to be considerably improved 
epecer shifting Trom a Tive point MUOriipeayevem co a sinc 
Polme moOorines System and Optimizing tne Mocatian of the Cable 
meuacnmMmeny pornus. Using this design, a2 signiiicane wave 
tiene Ol (eiateetl 1s found to Pprodwce a Sigsniticanvy piven 
of 5.4 degrees, a significant surge of .97 feet, and a 5.28 
Hoot excurs@om of the lower platiorm om the vower. All@os— 
eri at rons will be superimposed on any heel angle of the 
rower WhiiCchainey ("exist due Lor steady wind ovecs sae iae angle 


©f heel for a wind of 20 mph is evaluated to be 1.9 degrees: 
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1 ENE ROLUCI an 


A. BACKGROUND 

The Naval Postgraduate School is planning to install in 
approximately 240 feet of water in Monterey Bay a moored 
ocean instrument platform supported by a tower of approxi- 
mately ninety feet in length. Such a platform could be 
used for the mounting of instrumentation designed to measure 
oceanographic and meteorological data. The tower under 
consideration was obtained from the government as surplus 
and was originally designed for use as an umbilical tower 
maner FO baunching U.S. Air Force "Thor" missiles. It is 
meer wose Of tis THESIS to dctcrminc Die Gynamc rogmonce 
of the proposed tower to wave action in Monterey Bay. The 
instrument package, appendages, proposed location, and 
further background is described in a Naval Postgraduate 
pemoec. thesis by Lt. H.H. Seibers: [3]. 

In analyzing the dynamic response of the tower to the 
force of the waves, basic design parameters of the tower 
are varied a6 as to achieve an optimum design configura- 
tion which results in minimum motion of the tower due vo 
wave action. The equations of motion are developed for the 
tower by direct analogy to a mechanical spring-mass system 
WictimmG@amplne and=@=sinuserdal "driving Tordes Gdesemaped iby 
linear wave theory. The tower will be taut moored to the 


bottom using four one-half inch plow steel lateral cables 
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plus a one inch plow steel center cable. The buoyancy 
chambers will be below mean water level at all times so as 
MemprOovide a constant buoyancy force. The tower's natural 
maeemency Of oscillation is high in comparison to the 
frequency around which most of the wave energy is centered. 
dhnas high natural frequency results ina stiff system design 
thereby preventing conditions of resonance which would 
otherwise occur if it were a softer system with a lower 


natural frequency Of TOS Canina Tons 


Eee CGATEORM DESCRIPTION 
1. General 
Since a detailed description of the instrumentation 
and annendages to the tower was made bv Lt. H.H. Seibert 
imeors tChesis, a description here is made of Just the basic 
desren of the tower, taking into consideration only those 
factors which affect its motion (see Figure 1). Although 
instrumentation and appendages are not shown in Figure l, 
the location and mass of each item are considered in deter- 
mining the tower's center of gravity and moment of inertia. 
2. Dimensions 
The Overall Venetheot Ghae basic COWer 1 oo Uber cele 
Mipoutom steel section extends over a distance Ol mew ounce, 
and an upper aluminum section has a length of 30.5 feet. 
ML SOO 8OOu aluminum mast Wimkehets ep loniedesomemns lal laeaen 
at the top of the tower will extend the overall length to 
P20. 5 seeet a Une eross section of the tower is square and 


NaS womcomevanulwicduhs Of 320 feec for the alummnum secured: 


‘hak 





—s 


Aluminum Section 


Aluminum Palla tea om 





Aluminum/Steel 
int eieaeace 
18! 
i 
<= MWL 
90.5! aoe 
wee Buoyancy Material 
29.8! ‘A yeaey 
— C.G 


Sel Plow oeecem 
Cabike 


1/2" ss Sa ft _ l/2'" Plow Steel 
Plow Stes Cable 
MeO" Cabte ; 

GO Age eee ge et of fe ee 
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At the aluminum/steel intersection it has a width of 3.0 
feet and gradually increases to a width of 4.0 feet at the 
bottom of the tower. The lower platform is 18.0 feet above 
mean water level (MWL), and the buoyancy material rises 
from 7.0 feet above the bottom of the tower to 10.0 feet 
below MWL. The steel section located just below the buoy- 
aes Maverial will act as ballast. It extends over a 
length of 7.0 feet below the buoyancy material. 
3. Weights of Tower and Appendages 

The steel section has a total weight (all weights 
taken in air unless otherwise stated) of 12,780 lbs. The 
aluminum section has an overall weight of 720 lbs., and 
all other appendages and equipment have a total weight of 
Seeeios. Taoie i WS list™om tie Gnsceeeern lotion and 
appendages giving wet and dry weights of each item and 
the distances of their center of gravity from MWL. The 
total weight of the tower including all equipment and 
appendages is 22,313 lbs. 

Teei@ooring Cables 

There are four 680 ft % inch plow steel cables each 
memgiime 0.3/7 lbs/fit (in water) amounting los cocabevero ae 
Ginewater) of 664.0 lbs for all of thes = anen mooring lines. 
The 1 inch plow steel cable weighs a total of 1.5 lbs/ft 
Ginaweaver aAlniOUnbing LO=omvoOrar Wolembaanewebei) som 
252.0 lbs. ~The assumed Geoth ot mooring is 240) feevs ihis 
will require four lengths of % inch cable each extending 


out in directions 90 degrees apart and at an angle of 19 


iS 





WEIGHTS OF TOWER EQUIPMENT AND APPENDAGES 


Ttem 


Mast 

beat Kender 
eye Platform 
Upper Boom 
mad 1 

Twn Roam 
Ladder 

Wave Gauge 
Merce. HQuip. 
iraek Le 
Buoyancy Mat'l. *% 


1/8 Sheet Metal 


Total Weight 





Dalene 


TABLE I 


Oimcra. = 


from MWL (ft.) 


eo 0 0 


me . 


+18.0 


+18.0 


-17.0 


-67.5 


-24.7 


-23.0 


re 0 


S13) 515 8 


ie 


Weight 
(lbs) 


60 
840 
ZS 

60 
600 
240 


Zee 


93 


uh 20) 
2000 
900 


2000 


8813 


Wet 


Weight 


(lbs) 


60 
400 
ed > 

60 
BAY 
209 
204 

81 

120 
1814 
900 


1740 


a 


Oy 


*Pius sign indicates above MWL and negative sign indicates 


below MWL. 


**Buoyancy considered separately. 
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degrees below the horizontal for a distance (slant) of 680 
feet. The center 1 inch vertical mooring cable will extend 
from the bottom of the tower to the sea floor over a total 
distance of 166 feet. Each of the % inch cables will have 
a tension sufficient to exert equal vertical components of 
force, and the center cable will have a tension just equal 
To the vertical component of tension in each one of the 
% inch cables. Thus, the vertical components of force in 
all of the cables will be equally distributed, and their 
sum will be equal and opposite to the net reserve buoyancy 
Gmeume tower. 
5. Buoyancy 

The buoyancy chambers will be filled with salvage 
meam which nas a deng@fuy of 2.0 lbs/ft- erd €& Tensile 
strength of 70 psi. The foam will be encased in 1/8 inch 
steel plating which will not be water tight. Hence, the 
moanmewilil absorb water at its surface. Ib as assumed Uuhe 
foam will absorb 1.0 lb/ft? of water which is a quite con- 
servative assumption. Since the density of sea water is 
Bl tC lbs/ft?, the net reserve buoyancy provided by the 
foam will be 61.0 lbs/ft?. This result in a total buoyancy 
momee Of 35,°00) Ibs wee Vang aa nel reserves Due amey (excluding 


mooring cables) of 13,538 lbs. 


Le 





i.) LHEORETICAL DEVE LerE NT 


fee GENERAL APPROACH 

In describing the dynamic response of the NPS platform 
to wave action, each degree of freedom is first examined 
separately. There are six degrees of freedom for the tower 
which supports the platform. These six degrees of freedom, 
or modes of oscillation, are roll, pitch, yaw, heave, surge, 
and sway (see Figure 2). Since the tower has symmetry with 
respect to the x and y axes, roll may be interpreted as 
pitch, and sway may be interpreted as surge. And it is 
assumed that any motion of the tower in yaw is negligible 
emnce the Cower 1S sSyllineLrical Wirul, Vespect tS Tne 2 axis. 
So there now remains three degrees of freedom which must 
be analyzed, namely, surge, pitch, and heave. 

It is most logical to first analyze each degree of 
freedom separately, and using these results, it can be 
determined whether an analysis of a two or more degree 
of freedom system is necessary. 

The motion of the tower is analyzed as a linear system 
in order that superposition may be used in obtaining a 
general response spectrum which is directly proportional 
to a wave spectrum. The wave spectrum itself is generated 
by superimposing wave components of many different frequen- 


cies and amplitudes. 
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B. SPRING-MASS SYSTEM ANALOGY 

The simplest approach to the problem is to describe 
mere degree of freedom separately by an equation of motion 
analogous to a spring-mass system with viscous damping and 
eeoimusoidal driving term. The linear differential equa- 
feo which describes the translatory motion of this system 


(ree Figure 3) is 


Mx + Cx + Kx = F sin @t + ¢) (mip) 
or 
Piette + Viscous aoe ine = Sinusoidal Driving force 
Type Restoring 
Drag Force 


xX = motion being considered 


Mo — mace 


ete ew AY 


C = viscous damping coefficient 

K = stiffness coefficient 

F = amplitude of sinusoidal driving force 

G = circular frequency (of “sinusoidal edi nee ierce 


os phase angle 


It is possible to describe each degree of freedom of 
the NPS tower in a similar manner after drawing a general 
free body diagram. Figure 4 is a model of the tower for 
surge, pitch, and heave using the spring-mass system 
analogy. The horizontal components of the lateral restrain- 
ing cables and the vertical cable are each represented by 
Somincs Mavic pe Cit emc Lit imece COChiGrenbc. ORrce. 


Pos is constant and is equal to the sum of the vertical 


Ii 








FIGURE SZ. 


Sprite (er Baran ) 


PGR eo 
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Hee in 


Force Diagram-General. 


1S 





Bemoeenents of the four horizontal restraining cables. Other 
forces shown are the weight of the tower acting through the 
@emcer of gravity, and the buoyancy force acting through 
M@encenter of buoyancy. The distance from MWL to the top 


Of the buoyancy material is represented by D and the 


1? 
effective width of this same section is represented by Do. 
pamee the area above the buoyancy material is a void, the 
waves will tned to pass through and be impeded only by the 
cross supporting members ofthe tower. The effective width, 
Dy > iemeesenvs the Width of a 9solidad suritace which is 
eouavalent to the surface area of the open tcwer structure 
for purposes of determining drag and inertial forces. Like- 
forse the width, Do > represents the average width of the 
section of the Tower which encases bine Ducyancy maverial. 
The geometry of the tower is idealized in this manner, the 
MeSsumMpcion being slightly conservative. 

In order to consider only one degree of freedom, the 
model shown in Figure 4 must be restrained so as to move 
manly one mode of Oscillation av a time; Gnly those forces 
affecting the motion of the tower in a particular mode 


sould be “considered. \Vakes ier Cxaipie vine mov lone Wns suinze 


(see Figure 5). The equation of motion for this system is 


Mx + Cx + K_x = Fysin(-eT) + Fycos(~<C) (One) 


di D 


where 


Mo Sethe VvVarbual Massmummecuree. OF Une Mase. 5 
plus added mass 


C= damping or all influences which are velocity 
Se cenvel yc 
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BEG Uni som 


Force Diagram-Surge. 


REMAN 


NN 
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K_ = stiffness where Kg = 2K, or all influences 
Wane) are DOSiLMOmesems 1 live. 


By weexcivane force Guie tTomerac 


BS = Exciting force due to the unsteady motion 
of the waves 


radial frequency of exciting forces (waves) 


= 


The equations of motion for pitch and heave may be 


obtained using a similar analogy to a spring-mass system. 


freee hosUMPTIONS ~ 

In order to derive the equations of motion mentioned 
above and to facilitate obtaining a complete analysis of 
the motion of the tower, it is necessary to make the follow- 
mae assumptions : 

us Peon Sa a Oris 

a. That the pressure field of the fluid is not 
emreevted by the tower. To satisfy this assumption it ais 
assumed that the width of the tower is small compared to 
wavelength. 

b. The center lege (vertical) restraining cable 
has a negligible effect in restraining the surge and pitch 
motion of the tower due to the waves. 

ec. All wave components are from one G@irection. 
This is a conservative assumption. 


2. Assumptions Necessary for Linearization of the 
Problem 


a. All assumptions necessary for linear wave theory 


waren “mmc ilice:: 


Ze 





(1) Fluid is inviscid. However, this assumption 
is made only in describing particle motion due to waves, 
and it is not made when drag forces on the tower are con- 
sidered. 

(2) Fluid is incompressible and homogeneous. 

(3) Wave amplitude, A, is small compared to 
wavelength. 

b. In accordance with linear wave theory the wave 


~_ 


profile 7“ hes: 
4s A cos (kx-rt) 


ema water particle velocity in the x and Zz directions is 


ye fe Sse bth te) eos he- dD) 


. : ar N : - as 
wef HAT ete sop (by- oC) 


SSSY1T ACAL 


where @ is the radial frequency, k is the wave number and 
h the depth of water. 
GC. =the roll or pitch, @. Of the tevie~« sou! 11 Cacmia 
Silk such Ghat : 
(1) sine ~e 
C2yIBeCese 227.0 
ad. In accordance with linear wave theory, 2 (,z) ; 
is considered negligible and set equal to zero when inte- 
grating wave forces over the complete length of the tower. 
e. The drag coefficient may be linearized for 
insertion into a linear differential equation. 
f. The amount of catenary in the restraining cables 


is negligible, and the tension in the cables is sufficiently 
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meee SO as to justify using the relation 


a =~KxX 
where 
ne =seesvOrine force C1 CabtesdUemvo sUrepem 
Re = stiifness coefficient 
om onOuUnveel SUvrerech 


Dy METHOD OF ANALYSIS 
Using the method of undetermined coefficients, the 
Seeady state solution to the differential equation of 


Movien in surge is found to be 








Es (. Jo 5 
. erode Bit EFS ester EB sy “M2.3) 
where 
FS, = (cA) = drag force 
" =-F,;(4) = inertial force 
= ce) = Jimear  dantipine coef miciene 
A = wave amplitude 
AYfls 
S a G: 
ies 
Or 
xX = oi cos(et) t ec sl (TT) en» 
where 


a Gy («,/) 
= (, (0,4) 
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In terms of maximum surge where x(max) = X, the steady 


state solution reduces to 


O 2 Pe 
xX = Cy + C5 (255 ) 
: 2 2 2D 7 : 
Meetacvoring out the A’ from Cy and C5 > be SOenura on 
may be expressed as 
ae ee 2 
x? = ]C, -e2 \A (2.6) 
where now 
Co = CHGs 


s, 


— 


a Z a 


Gp 
NO 
Hi 
CS 
N 


> 
tt 

aD 

i ae 
= 


or 
2 pe yy 
(0) ={7E WAC) OT 
Ie 4 
where 
X© (a) = Response Function 
[r.F. (| = ae -+ oe = Dranct Cm pune e lon 


Am (0) = Driving Term 


The response of the tower in surge, pitch, and heave 
can be represented as the product of a Transfer Function 
and Driving Term whether the motion is coupled or uncoupled. 
The task of determining the response ofthe tower to wave 
Betton now reaquces co: 

i Obtaining a transter fumetvicon Dor eachiudesree sot 

freedom, 

ea. Determining tie drivin! Une Lom. 


Se) Mudtiplyine (1) and (2jmebove TO obcaine response: 


a5 





An important characteristic of a linear system is that 
the frequency of the response is equal to the frequency of 


the driving term. 


E. DETERMINATION OF DRIVING FUNCTION (Special Approach) 
Neumann [2] has derived an empirical equation describing 
the wave energy-density spectrum which relates energy- 
density (which is proportional to wave amplitude squared) 
mempemparuicular frequency band to frequency for a “fully 
developed" sea for particular wind speeds. This implies 
that the wind has been blowing for a sufficient time and 
over a sufficient distance so that the waves no longer 
grow in height, i.e. fully developed. This equation is 
hased uvon a great abundance of individual wave observa- 
tions. The assumption of a fully developed sea is conser- 
vative for Monterey Bay, but this spectrum is used because 
it affords it an analytical expression for the wave spectrum. 
The continuous "Neumann" spectrum in units of ft“-sec 


‘“ 


is given by 


-2fS- 
ne = IP(an) 9° e (i) COs) 


ig a 
where 
bee 1 seo 
g@ = acceleration due to gravity = 32.2 ft/sec’ 


S = natural wave frequency, sec? 


U = windspeed in ft/sec necessary to develop a 
given sea state 
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ities Bech TOUnGd@Ironimebscmvactons that the probability 
Gistribution function of wave heights is described by a 
Rayleigh distribution. A Rayleigh distribution is com-— 
PeeetGely defined by the variance, 3e where the variance for 


waves is given by 
2 SCN aCe) cae 
S° hex 4 fC (ade (2.9) 
O 


where T is the record length. The variance can be deter- 
mined either directly from equation (2.9) or from the 
energy-density spectrum by applying Parseval's theorem. 
Eeomsevals Theorem relates the variance to the area under 


mae spectrum such that 


~~ 
ae -a[f Qh C220) 
a 


© 


fees Mow pOSSibDle tO obtain the significant wave height, 
Hy 3» which is directly related to the variance, s*. by 


the Rayleigh distribution such that 
= ae 
oe 2.83 /s (oi) 


The significant wave height is defined as the average of 

the highest one third waves. This is an important parameter 
because it is the wave height that one observes visually 
anders Used oOncinvally 1h OcCeanoeraph, . 

Values of significant wave height for various wind 
speeds were generated by the author of this thesis using 
equations (2.8) through (2.10). These values are listed 
in Table II and agree to within one percent of the values 


listed in a table developed by Bretschneider [2]. A 


aii 





Posie 


WAVE HEIGHTS AS A FUNCTION OF WINDSPEED 
FOR A FULLY DEVELOPED SEA 


U Hy /3 
knots feet 
10 1.4 
al Sot 
20 7.6 
25 13.5 
30 Die 


significant wave height of 21.4 feet will be used as the 


mayimum design wave for the NPS tower. 


F, GENERAL SOLUTION 

Knowing the transfer function for each degree of freedom, 
and describing the driving term as a "Neumann" wave spectrum, 
the response function can be expressed as a spectrum by 


using the previously derived expression: 
2 ee a a 
P(r) = ECA) 
whe Gransifer function merely acts as a 1ilvemeandmmoe 
function of wave frequency and the overall geometry and 
physical make-up of the tower. The driving function, Ac (©), 
represents the energy-density of the waves, part of which 


1S transierred to the tower rescmiiting insoitch, Ssumee, or 


heave motion. A typical set of eurves representing a wave 
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spectrum (driving term), transfer function, and surge spec- 
trum (response) is shown in Figure 6. 

The area under the wave and surge spectra is propor- 
tional to the total energy-density of the waves and 
potential energy of the tower (in surge) respectively. The 
frequency at which the transfer function is a maximum 
corresponds to the natural frequency of oscillation,%”, 
of the tower where as previously defined by equation (2.3) 


=— 


Was . 


ww = “um, Chia 


It is seen in Figure 6 that the response spectrum is a 
meeauct of the wave spectrum and transfer function, and it 
ee pained by MV Vy ae TIE etiich., ofGinate bY CH ineke 
the transfer function and wave spectrum. The wave spectrum 
mmrisure 6 was generated by utilizing equation (228). and 
it represents a significant wave height of 21.3 feet. The 
transfer function in the same figure represents the surge 
weansiecr function of the tower. It can be observed thav 
the response spectrum has two peaks. The peak which occurs 
at the higher frequency results from the fact that this is 
the natural frequency of oscillation, or resonant frequency, 
of the tower. The peak which occurs at the lower frequency 
is due to the high amount of wave energy at that particular 
frequency band as shown by the wave spectrum. 


It is then obvious that as the peak at the transfer func- 


Tion approaches the peak of the wave spectrum, the response 
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spectrum of the tower increases rapidly due to resonance. 
Mme is therefore necessary that the NPS tower be designed 
Bs a stiff system in order to have the peak of the transfer 
memerion occur at a high frequency so as to eliminate 
resonance. 

It is now assumed that the response heights will also 
have a Rayleigh distribution which has been found true for 
other similar systems. It is possible then to determine a 


Value for significant response defined in the same manner 


es) H (analogous to wave heights) by 


3 


eo 


i See ae (22113) 


Lys 

e e e s e 2 
where Ky /3 in this case represents significant surge. 5 
iS the Vaébiance of the avxre motinn. The variance can be 


found from the response spectrum in the same manner as for 


Che waves such that 
S*(c) = 2fX (a) de Cray) 


Lv 
ie units of X°(r) in equation (2.14) are ft<-sec. 
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it. DERIVATIONS AND SOLUTIONS TO EQUATIONS OF MOTION 


Utilizing the theory which has been developed thus far, 
mers now possible to proceed in setting up and solving the 
differential equation of motion for each degree of freedom. 
The single degree of freedom motion of the tower in surge 


is considered first. 


A. SOLUTION TG SINGLE DEGREE OF FREEDOM EQUATION-SURGE 

Figure 7 shows an idealized surge model of the tower 
mich all restoring forces. The disturbing forces on the 
tower due to wave action are not shown. In this analysis 
the vertical cable have a higher order contribution and 
Teeter ome are concaderce meclinirlis 2s a restoring force in 
Sueee . 

1. General Equation 

Recalling the general linear equation of motion 


for surge 


Ihén Car how =F 9thlsd) + fy ces *t) (2.2) 


2 


Bach term in this equation will now be expanded and evaluated. 
2.) Vasevluo le Mess 


The virtual mass, °M is the actual mass of the 


g? 


tower plus the added mass due to fluid becoming entrained by 


the motion of the tower such that 


M M+t+M (ee) 


S a 


where 


S 
II 


mass of tower 
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Force Diagram-—-Surge. 
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= 693.0 slugs 


and 
M. = added mass 
= “af 
where 
om = 0.5 = added mass coefficient 


= mass density of water 


V = volume of water which would be displaced by the 
idealized solid model of the tower, 


OF 


= 
I 


" Wieck ae = O05 Oto 500. = Lo 23.0 sues. 
See bas Crane ena Resvoring Porces  Duewto Drac 
When water moves past the tower as a result of wave 
@eeirc: enc the tower's own motion. an OWE... Gas Teee 
Peouiting from a combination of form drag, wake drag, and 


viscous drag will be exerted on the tower. The combined 


effect of these drag forces can be represented by 


e CEE 
df, = Loalu nd) ff (2D) 


where 
dF, = drag force on vertical element, dz, of tower 
Cg = drag coefficient = 1.05 
f/ = mass density of water 
u = instantaneous horizontal water particle velocity 
x = instantvancous Velocity of COWer am surce. 


GA = element of projected area exposed to wave force. 
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Equation (3.2) may be re-written as 


fo» Gees = Gog Lit (3.3) 


= "Gis CUrDuMe 1Orce = restoring force. 
mereoicering first the disturbing force due to drag, Fop> 
maere 
2 
PL 
dep = ‘Gated zy (3.4) 


It iS apparent that this term must be linearized for inser- 
Mmeomeanto a linear differential equation. As illustrated by 
Thomson [4], this can be done by defining a new drag coeffi- 
eont, C 


evaluated such that by using C0 the same amount 


Die Di? 


Of work per wave cycle would be dotle as Wnem using the non- 


mgear drags term, Cp» MOeIeS (laeiety 8 leh iste Oe ke 


[- i | (3.5) 


and where 


[J st (oT -€) 
Foo 2 teh 


LL 


A = area of tower normal to wave propagation and 
T : | 
ede CAL 
i ucdT ean toe Aas loli tle (26n) 
oe 
2 
And 10 1S assumed that the Minmearivzed drag iorcee, FopL? sue} 
of the ieszem 
x ee G fei : 
eer a af ie | C3) 
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where Cor represents the linearized drag coefficient. Now 
substituting equation (3.7) into equation (3.5), and inte- 


grating once more to obtain energy per wave cycle due to 


SDDL, 


= tu AULT 
—_ wlll W (3.8) 


myecequiring that the work cycle done by F equal the work 


DD 


done per cycle by F equation (3.8) can be set equal to 


1D) Dp re 
equation (3.6) to yield 


Ca [2 C, J | C28) 
oy 
[ale li Reioe werre tChoorvy. the hanmizgontal water narticle 


velocity amplitude is 


Ji - Ae Cos bebe z) 


SIT “AC 


It is now possible to re-write equation (3.3) in a linearized 


mem LO yield 


diy, = Grand — = Cae lh (3.10) 


Expanding now the first term of equation (3.10) and integrating 


from the water surface to the bottom of the tower 


eo &&) 
(Oo, = af [noe 
-48) 
=. on Gem 
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where 


+ 
oe (Gaia. 2 {, [sewn ak (A-0,). BP. swwabhti-2) 
7, BTR SHR eA fe ve ie 


ER. Lh hh — sep Qed) ~ ED. 
a oars - 6, g ~ LZ oe os (272) 
Now consider the second term of equation Copal. F Saltese she 


a restoring force due to drag, it may be equated to the damp- 


mae berm of equation (262) suen that 


A 
or 


er aware (2513) 


fume iy vce ating from MM "Eo Ghee Digievom On Tne yuowcr 


5 


? Z| %- 4& (2) S 2 


a) 


a 2 
s eon ed j eee ie . - 
SIT p> SH AK \é ud tk ~ siemaleKE 2.) i 
Lo (seme £(4.-d,) - smn ROK ~)| (3.14) 


Referring again to equation (2.2), the virtual mass, M. > 
damping coefficient, Ce Anomewree 1 Otece. Fy: have now been 
determined. The remaining terms must now also be expanded 
and evaluated. 

4. Stiffness Coefficient 

Considering again the free pody diagram in Figure 

fee tne tedusigat env stiffness coefficient is 

K = Kk SEs (ay 


eq S 


Si 





mime 15 15 assumed that the stitfiness coefificiens, K, for 


each cable is 


K = me Cos of 3} 5 208 ) 





and 
co = angle of cables with respect to horizontal = 19° 
BE = elastic modulus = 13 x 10° psi 


L = length of cable = 680 feet 
2 


me Coa = "emlrectave Cross SeCll1ONMa) area ot cabile.— 
W a 2 e 
O ea - in 
C._ = area constant for wire cable = 0.405 


W 


qd = diameter of cable. 
Various values for C. have been developed by Wilson [1]. 


And in its final expanded form, equation (3.15) becomes 


Kon ae Comp CoS % = ZE50 C4/, (3.17) 


5. Inertial Forces 
The task now remains to expand and evaluate the 
inertial force driving term due to the wave water particle 
Ip> Where Fly = Flsin(-st). In evaluating 


the inertial forces on an elemental section, dZ, of the 


acceleration, F 


tower, the following relationship will be utilized: 


dig = Coy 2/6 SE (3.18) 
where 
= = inertia coefficient = 1.5 


mass density of water 


aN 


> 
i 


eross sectional area of tower 
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id 
u = instantaneous horizontal water particle accelera- 
(ealopale 


ive ismeocved thal thewinerhmatedrivine force 1S Tor— 
mibbated in terms of the water particle acceleration, u, and 
not the relative water particle acceleration, (t-*). The 
term involving the acceleration of the tower, ‘Xx, has been 
included as the inertia term on the left hand side of equa- 
[men (3.1) and includes the "added mass." This can be shown 
my considering the inertial force, Fes That results from the 


relative acceleration of fluid about the tower: 


dé: = Cy Mei #) 2 (3.182) 


Hmeemeaeseribes the inertial force, F that results fromthe 


ib? 
yelatiwve acceleration of fluid about the tower. It is ob- 


Vious then that the elemental force, dF. can be obtained 


De 
by expanding equation (3.18a). However, one additional term 
will appear in the expansion of this equation, and that can 


De considered as a restoring component of inertial Lorce, 


dF ip» where 
la ? 7 vf, Ze 
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Lbg = ~ (dM 66:5 Adi) 
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— (NereAl MASS ~ ALLED 77255) 
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and 


a 
I 


Vesta lea Source 


actual mass + added mass 


which is exactly as previously stated in equation (3.1). 
integrating equation (3.18) from MWL to the bottom of the 


tower 


r= Cw fle)u de ZA) 


-Dr 
or 
ape C “ff 4) ede 
Tr — o7tt 
a2 
es) ie 3 (3.20) 
where 


fa x eS <2 a Ae = =| (: “eit kl k- D,)- sit R (k- °»)) b, DMV; BK (42s) ye 


ae SS 17S kh 


Scud bh -— srr A (h-o)) b, (Ef) (3.21) 


6. Complete Solution 


Bach term of the €quadtaen of Mevien 1emesiiae- 


Mer Our fw = Fe seed) ¢ Fy bes Cet) (2.2) 


has now been evaluated completely, and by using the method of 
undetermined coefficients, the steady state solution to equa- 


Pi OmeCL 2 eat OUMd = Obie 
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(i ao LOR =I af; gq 
aA (ws) Ms = 2H eos a> 


Saye 


7 ees +) EE 
am (ee x ra ; as 
Sah = sw (-«t) (3.22) 
GS “.¢*) <i i | : 
ug 
L cos Let) re QsweD 
=, % C3028) 
In terms of maximum surge, X, the solution becomes 
Zane 2 
Xx” = Ca f C5. sine) 
And by factoring the ae Oupmow a and oe. it becomes 
-) 
weet = Peripher (mee oS} 
where 
jr.F.« | = (Coe GA (3.26) 


Be SOLUTION TO SINGLE DEGREE OF FREEDOM EQUATION-PITCH 

Having solved the single degree of greedom equation for 
surge, the motion of the tower in pitch is now analyzed. As 
in surge, it is necessary to consider a free body diagram 
which shows the restoring forces which must be considered in 
the pitch problem (see Figure 8). In this analysis, the 
downward force, By of the vertical cable will cause a re- 
storing moment, and the buoyancy force will cause a disturb- 
ing moment about the center of gravity. The lateral restraining 


cables have no effect on the motion of the tower in pitch since 
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they act through the center of gravity, and when the tower 
@ecillaves inmepitch motion alone, ~vme rovation is about the 
@emver Of gravity. If they did not act through the center 
Seo tavivy, the motion of pitch would be coupled to surge 
and it would no longer be considered a single degree of 
freedom problem. The coupled pitch-surge problem is con- 
sidered later. 

Pecemera ll  hoauayion 

A differential saquation of motion for pitch is sim- 


ire tO the equation for surge and may be written as 


| 
or 
Inertial Moment due spring eee : 
Moment ve. Viscous Restoring ~ BEES Boles) CISC 
Due to Waves 
Drag Moment 
where 
Is = virtual moment of inertia about center of gravity. 
C. = piteh damping coefficient. 
Ns = pitch stiffness coefficient. 
M. = disturbing moment due to the unsteady motion of 
the waves. 
My = Cis Virani MOnene Ne EO Gras, 


Each term in the above equation must now be evaluated. 
Cee iowa lL Moment Ol Inertia. 
Like the virtual mass, Me» immecuicwiem 8 c.- ) aetle re 


Pra Virtual Momeneror Inerudammeer pwc oe such that 


oe eee) (oe 2) 


HS 





where 


Js Momence Of inertra Of ~eOWwer about center of 
O : 
gravity 
Jn = added moment of inertia due to entrained fluid. 


SMa 


231,500.0 + 400,000.0 


Gig, 500 slug-ft¢. 


Bree Dotioinme Coel ficient 
It has already been determined from evaluation of 
equation (3.14) that the damping force, Cx; on an elemental 


Bection, Gz, of the tower, is given by 
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ss af. 1 ea. eo. Au 
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Now the damping moment, Ce, can be evaluated by simply in- 

vesrabing from MWL to the bottom of the tower the product of 
damping force on an element, dz, of the tower and the moment 
arm , (L,, —~ %), Of that element. But first 15 1s necessary 


to express x in terms of © and z, such that for small angles 


of (see Figure 8), 

gn = (4, ~- 2/6 (3.32) 
and 

Ae = (ly - 2)€ (3.33) 


Multiplying equation (3.30) by the moment arm (L, - Zz), in- 


side the integral of equation (3.30), the damping moment, ee 


becomes 


4d 





C8 af bg Idee (3.34) 


Substituting re (3.33) into equation (3.34) so as to 


have everything in terms oie) - 


C,6-Z{aly-2) 82722 = 5b) 

Or Fe 
G = GF C (L,-2) A) dz (3436) 
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Pees oli iness Cocmmilcilene 
Considering again Figure 8, it can be seen that the 
Dmeyancy force, Fp > will cause a disturbing moment, BRSe, 
whereas the force, Fy» will act as a restoring moment, 


By RG such “vlav themeoval restoring moment , Kes becomes 


K = (FyR, = Ee (3.39) 
and 

io = FyR2-- FAR4 G2 @) 

toeeseci ting Moment Due to inertial Forces 


In evaluating the disturbing moment due to inertial 
forces, Mep> it is necessary to refer again to equation (3.20) 


to determine the relation 
dF py = (yeti 4 (2) dude (see 


which defines the inertial force on a section, dz, of the 
tower. Now multiplying this by its moment arn, (Li, 2. 
and then integrating from the water surface to the bottom 


of the tower, we obtain 
© 1@ 


otf faite 2) b(2) U4 Je (3.42) 
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SH £2) + g sw BR (ce sw bb- Coun #0, — Pee 
-fe 


(AD, Silt BD) ~ Cast RO, — RD. Sulit RD. p C011 BD2) 4 
SH aes K (4 b, CoS RD, - SIVA AD, - BD, COS AP. 


- suid dor) 


6. Disturbing Moment Due to Drag 


Likewise the disturbing moment due to drag, Mpp> 


may be determined by multiplying equation (3.11) by a vari- 


able moment arn, (L,, -~ z2), to obtain 
o é @ 
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— Conpletce Soluvion 
Now that each term of equation (3.27) has been 


evaluated, the steady state solution may be evaluated to 


give 





(376) 
= G eos(-<O) tC sind ct) Sau, 


where the natural frequency oscillation in pitch is given 


by 
“ay = a 
JP 
= 
Ps 


itoecerms of Maximum roll or pivch, Gere scllution becomes 


6-0 +4, | (3.48) 
eis | 
Ol) = [TF «| f(s) (3.49) 
where 
[T.F.(9)] = (C3 + Cy) /a° (3.50) 
Gs SOLUTION TO SINGLE DEGREE OF FREEDOM EQUATION-HEAVE 


Considering first the free body diagram for heave as 


shown in Figure 9, it is apparent that all of the restraining 
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@eaoles willeact as restoring forces in heave. All of the 
cables act through the center of gravity for the single de- 
gree of freedom problem. 
is General Equation 
The differential equation of motion for heave may 
Bemwritten as | 


Ve aT G a se Vay, De = fy sv Csi) ¢ Fy C°S Cet) 


(Be Sul) 
where 7 
May = virtual mass in heave. 
Ci = heave damping coefficient. 
Kay = heave stiffness coefficient. 
i = exciting force due to unsteady motion of waves. 


I} 
{| 
| 


ee 


eX Cl ual? sae PO a ommaS . 
Again each term above must be evaluated. 
2. Virwwal Mass 
The equation for virtual mass in heave is the same 


as for the surge analysis 


M, = M+ M, (3p) 
where 
M= mass of tower 
= 693.0 slugs 
M = added mass 
= C_ pV 
yf 
= 830.0 slugs 


and 


Mee 152370 slugs. 
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3. Heave Damping Coefficient 
The heave damping coefficient is evaluated in the 
same manner as the surge damping coefficient except that the 
vertical velocity and acceleration of water particles are 
involved instead of the horizontal water particle motion. 
Proceeding in amanner similar to the surge analysis, the 


equation for Ci 1s found to be 


Ga Coc fh (3.53) 
IDS gts) 
Cyr, = linearized drag coefficient for heave 
A = cross sectional area of tower 
ene 
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Considering the cables shown in FPigure 9, the re- 


lation for K,. can be written as 


lel 
Ky = “ft, 30x 4*Ay (3.54) 
where 
Ky = (EA, )/L, - 


eof = angie of cables with respect to horizontal. 


E = elastic modulus. 


Ls = length of side cables. 
[ean qe = Effective eroc>s SseClUonoseeo tea sone ver bile aen 
1 wo cable 


dy = side cable diameter. 


K_= (EA.)/L5 
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C ae = effective cross sectional area of vertical 


e woe cable. 
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5 vertical cable diameter. 
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5. Inertial Forces-Heave 
Proceeding as previously done in the surge problen, 


the inertial Da force for heave becomes 
oO 
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6. Drag Forces—-Heave 


Usame che linearized rae coecit ,ormente! O04 hea crm. 


drag disturbing force, F,.,, may be written as 
? (2) DD 


Ee 4% w b(2) dy 
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where 
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z <a ps Jhb {SY (kb) 
ys fh spit A (hr [OoME) 623M 2) 


(3.58) 
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(ee compleve Ssoluvion-teave 


With each term now evaluated, the steady state solu- 
Mien for heave amplitude, Z, of the tower may be expressed 
exactly by equations (3.22) through (3.26) with the exception 
eae the subscript "s" indicating surge be changed to "H'" 


for heave. 


Di SOLUTION TO THE COUPLED SYSTEM-SURGE AND PITCH 

heterringg once more t® a free body diagram as shown 
in Figure 10, it is apparent that the problem of tower mo- 
tion should also be considered for cases in which the 
lateral restraining cables are attached at some point above 
Gewoelow the center of gravity. By analyzing the motien of 
migemcower for all possible coniigurations, it is possible 
Wemarrive at an optimum desien contiguration. if the cables 
are in fact attached above or below the center of gravity, 
any surge of the tower results in the lateral cables causing 
aemoment about the center of gravity. This indicates thav 
Eden suree mMOLIOnN 1s coupled to the motion ol the tower an 
pitch. From the results obtained in the heave analysis which 
is shown later, the heave motion of the tower is found to be 
Siaweeeven bor lamge sa enat ican’ Wane sedan eo ee Meee 
Pere considered Nnegiligiblevin comparison vo prpech anc surge 
ane NOb- accounted for in the seeup leds problem. 

With this in mind, the two degree of freedom problem 
for surge and pitch is now analyzed for the general case in 
which the lateral cables are attached at any point of dis- 


Cance, R above or below the center of gravity. 
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I. General Equations-Coupled Motion 


ine coupled motion of the towetrsain surge and pmrch 
fee De described by two simultaneous linear differential 


emaations as follows: 


Leh 5 Me a Ve: the & a ee E.sae)+ E 60s Cet) (3.59) 
ope + Ge t Ko @- Fa = Mp syat Ged) eh ccs 67) (3.60) 


The term which couples equations (By BSS) and (3.60) together 
is Ff. As the lateral cables are attached more closely to 
the center of gravity, this term approaches zero. As would 
Pemerpeevead, when these @eagmtles are attached exactly at the 
commer of gravity, F equals zero and the motion is no longer 
CO@pAcw. 

Prec evelUanton of enc: 

Bach of the terms listed below have been evaluated 


previously by the corresponding equations listed: 


Ha (300) J - (3-28) 
To = (Sele) C= C555 SxS) 
KS CSch M, - (3.43) 
RO - Cac) Mb (3.45) 
ey = (Sele) 


It is now necessary to evaluate the coupling term, 
Pea Ceo live Soy COCh id Clete Ae Mate) ea cevilabie on & Se has changed 
from Previous calculations Simca movimerrne laveral cables 
Up or down introduces new disuuwibine er restoring forces in 


pitch. In the case of surge, no new restoring or disturbing 
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forces are added, but those which did exist in the single 
@ericee Of freedom problem are now modified by the coupling 
term, f. Therefore the value for K has not changed from 
Ene VUncoupled situation. 


Considering iow tic LOLcIerestominig@mt OC cnm ming 


If 
surge (see Figure 10) which is found to be | 
P= 2k Gee) 
= ~2K~+aKLO 
= fine + FO (3 1c4) 
where 
Fo = JKR, = coupling term. 


Mmaececading one step further to evaluate the restoring moments 


7 + e 2 >. 3. * = ° 2 RP mee 2 ne enim Fn 4 4 : 
fem ccil. “t can be say Wye amas weterrime 20881 


ona th 
ro) 


that the summation of restoring moments, Me is 


Me ak (4 -Me)k, t F, K, © is ee rae 


~(2KK, ~-F 4, - BL FER) Or ARR) E 


SS (= ¢ Fe Gaxe2) 
where 
Ms = new stvifiness coefficient for piten 
F = ekRy = COUP aie ce len. 


A useful check in the analysis is that the coupling term, £, 
Muse be equal in both ditterentialwecquariomeyeanad in tars 
Case, il Checks. 
3. Solution to Coupled teamarions 
Referring again £0 equarions (3559) and (3.500), .24 


steady state solution may be assumed as 
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A swv(-«t) +& eos (-«r) | 3565), 


Ps 
i 


? Siw (-sT PoGes (-<T) Cro 


eo 


Substituting the above equations back into equations (3.59) 
page. 3.00), and using the method of undetermined coefficients 
a set of four simultaneous equations with four unknowns, A, 


Peo, and D is obtained such that 


gui a Orgs€ Gn PF 


th 


SSN 


gut gt & ee G Pee D 
pill gs. Brg Cag, D-= 
gu ge © Pia gig L = 
where the elements Se 5 are COcimm Clenes.) wine Solution coe 


the above set of equations may be expressed conveniently 


imoemactrix form as 


S=G@ 'F (Cres 
where 
S = A 
Ie 
C 
D (3.66) 
G= 4 X 4 eoefficient matrix of elements Bi; 
“lGrne+h&) (Gc) EF) o 
(- Ge <) (AM, Kk. 3 O CF) 
15) OC (3.«+k Ge) 
( } ( P 2) ( f (3.67) 


S Gr) cc o4) (4.07 k,) 


Sy 





I (5) 5 exos ) 


Now that the unknowns of the assumed solution have 
meem Getermined, the values of matrix S may be substituted 
back into equations (3.63) and (3.64) for a complete steady 
merce SOlution to the coupled problem. A convenient tool 
which may be used in ObCamwmane the Soluvion matrix So is sune 
NPS computer subroutine GELG. This subroutine was used ex- 
magoyvely by the author of this thesis. 

As a check on the previous Single sleeved of freedom 
soluvrions, the coupled solutions were compared to the un- 
wempled solutions arter setving tne value oF tie CouplLinige 
wemm, I, in the coupled system equal to zero. The results 
weme identical. 

4, Nine Point Mooring System 

An analysis of coupled motion of the tower was also 
made for a nine point mooring configuration as shown in Fig- 
Mmes tl and l2. The analysis and =solwvicon to ene Nine wpe me 
Moerine® system is adentical to thav obtained tor, cic 1c 
bounty Mooring system With thevex@eptlon Lnaeeunc valuecwe | 


A? Ke and F are changed such that now 


K. = 4K . (3.69) 
Res Mae Pe a en 


F =2tk, +IKk: Ger) 
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The analysis can now be made for various points of attachment 
of the upper cable to the tower so as to achieve an optimum 
configuration for this mooring system. 

Liwis Simporrame, tThatvethne tensvem in themeabtes of 
Pie nine point mooring system be distributed such that the 
teuece , Fi» in Figure 11 is aminimum. Yet it is also im- 
pertant that there be sufficient tension in the upper cables 
such that they can be treated as linear springs. By refer- 
mae FO 2 standard stress-strain curve for wire cables by 
Teeeon [l|, it is found that a cable tension of 7,500.0 lbs 
fmol ticient to ensure a linear response in the cables. 

LMcverstonmon frag. 0 Ibem@anieea cin om the Upper 


cables results in a force, F equal to 9,800.0 lbs. Ac- 


dees 
Sema nery the tension iff,Whne POwer itive Captee is chanscc 


wlem Loat the vertical component of tension in each cabie 


is reduced by (9800/5)1bs, or 1,960.0 lbs. 


ot 





IV. STATIC WIND FORCE ANALYSIS 


In view of the fact that wind may cause a significant 
emeunt of heel to the tower due to its force on the mast 
and tower superstructure, an analysis will now be made to 
determine the heel of the tower as a function of Uae speed. 
foes Will be done for both the five point and nine point 


ieemeine configurations. 


A. FIVE POINT MOORING SYSTEM 

Referring now to Figure 13, but disregarding the upper 
@oemes and force, re Since they apply only to the nine point 
ligemine system, it can be observed that for static equmilibrimm 


in mec! , 1 1S nececcoye, sono 


4 
pia 
CG) 
ll 
O 


i 
( 
oe 


te + Eire dic + Wels S10 @ -Fd.SiNe (4.1) 


} 


where the force due to the steady wind is given by 
CIF 
e = ae D 


and 
Pum = wind drag force on mast. 
Ca = drag coct i meneny 
= le2 (tepicsehindri cal mas) 


= 5 (for veneer 


p = density of air = .00237 slugs/ft> 


Gs 
Hy 


uniform wind velocity in ft/sec 


A = projected area of structure 
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Wind Force Diagram. 
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WS 


= 
iI 


Solving equation 


LD Oo 
Mate 


wind drag force on portion of tower struc- 
ture above MWL. 


weight of tower in water = 19,742.0 lbs 


angle of heel of tower using five point 
moor 


summation of moments about the bottom of the 
tower 


buoyancy force = 33,280.0 lbs 
LOB oie 
oeo- Te 
2 Pe 


AS) yt ee ee ie 


(4.1) for Gin terms of U gives 


sil (115 xb WZ") (4.2) 


ion NINE POINT MOORING SYSTEM 


Referring again to Figure 13 and this time including all 


cables and forces, the equilibrium equation may be written as 


> Ms = 


where 


co, 


Foon : ee dl, ‘i Wda See (4,3) 
- Fy dy SV - D4 cd, siINE + Fd, s/WVe 


heel of tower using nine point mooring sys- 
tem 


vertical component of forces due to upper 
cable tension 


Stil tnese weoetrTelempe— loca O ml bia 7 a 


Gistance from the bottom of the tower to 
the point of attachement of the upper cables. 
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mieeacain solving for @ pub expressing at this time in terms 


ony d. suca that 


O = si"! he ee, (4.4) 
BO.Z X10 % 42342 cf; 


Wetme equations (4.2) and (4.4), the heel of the tower for 


various windspeeds can be determined. 
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V. SUMMARY OF RESULTS AND CONCLUSIONS 


Utilizing the results obtained from each analysis, a 
series of response spectra (see Figure 6) for various modes 
of oscillation, sea states, and design configurations are 


developed from the following relations: 


Koz IT («) | A) (3.72) 
Z)= ir = (| A) (3.73) 


C6). (TF. @] AC) (3.74) 


Then the values of significant surge, pitch, and heave for 
each of the above situations are obtained using equation 


43). 


A. MOTION OF THE TOWER IN HEAVE 

The motion of the tower in heave was found to be very 
Slight, and almost negligible when compared to surge and 
perch, thus justifying the assumption for 4 ewe desree ol 
freedom analysis. The results of the heave analysis for 
various sea states for both the five and nine point mooring 
systems are tabulated in Table III. The results for heave 
are independent of cable locataon, 
By MOTION OF TOWER IN SURGE AND PITCH-FIVE POINT MOORING 

SCS UA 

The results for surge and pitch are presented together 
since they both depend on the lateral cable location. As- 


SUnpiewem tive point MOOPring -eolmamureacion ge VerilouUs Casvancess 
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ee Y/3 
5 Pt. 58 C02" 
5 2c aa 0.066 

Salter 1d | 0.119 
5 Pt. 13.5 0.177 
5 Pt. Zine 0-232 
9 Pee dye! 0.019 
Obie oo OM Olet 
OnBite i are Ol 
9 Pt. 13.5 ORAS: 
G Pr. Zee % 255 


TABLE III. SIGNIFICANT HEAVE FOR VARLOUS VALUES OF 
SIGNIFICANT WAVE HEIGHT. 
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feo k Cable attachment point from the bottom of the tower 
fees USeEd to obtain corresponding values of significant 
eweee and pitch as shown in Figure 13. A significant wave 
Mement of 7.6 feet was assumed. 

it becomes obVious from the results presenved in Hie 
ure 14 that the best point of attachment for the eaibile aoa 
minimizing tower motion is at the bottom of the tower, This 
was found to be the best point of attachment for all other 
values of significant wave height as well. The values of 
significant heave, surge, and pitch for various sea states 
Meme Chis design configuration are presented in Table IV. 


Or MOTION OF THE TOWER IN SURGE AND PITCH-NINE POINT 
MOORING SYSTEM 


mr awmit point mocrina @yetem is Gielen 2 een ee 
sign of the ocean platform, it is necessary to determine 
Uimootvimun distance from the bottom of the tower for Uae 
lateral cable attachment point as in the case of the five 
pemne mooring system. 

Assuming that four of the lateral restraining cables 
would be attached to the bottom of the tower, an analysis 
was made to determine the response of the tower for various 
distances, d, to the points of attachment of the remainmne 


four lateral cables. The results of this analysis are shown 


iieriewiee 1s: 


IDE LOWER PLATFORM EXCURSION 
Although Figures 14° and jmere Userul ani liluspraring 


Ssuree and pitch separately, it =ts also important to determine 
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mer LOLCal excursion of the lower plattTorm due to surge and 
Peeecn. it is necessary that the platform excursion be known 
for various sea states in order to determine the type of 
iijereaurements which can be validly taken from the platform. 
The graph is Figure 16 shows the lower platform excursion 

as a function of cable attachment point for both the five and 
Heede DOint mooring system. 

It becomes obvious from the results shown in Figure 16 
fat the poet diustanee from’ the bottomec® the Lowermron 
attachement of the second set of restraining cables is 46 
Meet. Inis point of attachment is still 9.5 feet below MWL 
femoncerel ore acceptable in terms of preventing small serait 
interference with the cables. This was also found to be 
the best point of attachment for ali other values o1 signi- 
fMreant wave height as well. The values of Significant heave, 
eemgee, and pitch for various Sé€a staves USing This aeqmen 


Pom ieuravion are presented in Vable Vv: 


E. HEEL DUE TO WIND FORCES 

Utilizing “equations (422) "and. (4.4) se unemeree ie a 
Figure 17 was developed to illustrate the heel angle of the 
Wewer as @ Function of wind Speed for Dou viewii ve pomtar 
mooring system and the nine pointemocering syovem, IC is roD— 
bious from equation (4.4) that the angle of heel decreases as 


the distance, d pniecreases-e 


oh 


fall 





sueqgshkS BUTIoOOoW QUTOg SUTN PpUue SATA YAOCEq <ojJ 4UutOog UoTAo=eUUoD STAR) jo 
UOEJOUNG © Se YO9Tg Due Seung Of Sip Wacice [gq wemo7 JO UOTSanoxq™ [TeI0, °9T AuNDIY 


(9993) AJamMoy, JO wOoq1OgG WONT JUTOd UOFAsseuuog splqeo fo soueqsitgd 


09 OS Oi ie Oc Oi 
es 2s 






es 

@) 

: 

+Q 2 

a = 

a = 

= O 
Ky 

SEL ir 

= 

OC 

KS 

p ro 
Tc 

an 

. MH 
Sc = 

| 

' BUTIOOW 4QUTLOg SUuTN ~ 
My 

ct 


D CE 
AULIOCH) Jeol. oh iGe, <a 


fe 





(ft) (ft) Oe} (y) (ft) 
1 0.36 .024 OM Be 0.98 
Bie. ie .066 2 21ON0) Se See 
eal Ae ~119 45 28 Soe 

Se 5 6.37 melee Se Gl 3 lee 

2S 1.65 Bee M0) ey 15.94 


fee LY. SIGNIFICANT HEAVE, SURGE, PITCH, AND EXCURSION 
FOR VARIOUS VALUES OF SIGNIFICANT WAVE HEIGHTS 
USING FIVE POINT MOORING SYSTEM 


72 SVE Dye 1/BR ee eee 
er, Ca) Ci (°) Ci 
dle! .608 SOILS sie eewt a 5 7 
irae AS Osa 3.04 3.16 
7.1 Sie Bier 5.43 5.28 
isa 1 epee pees 8.22 7.79 
eis 3 a as ys ae ILO, oh! 


Tabi SGN LEAN HEA Vie SUG ere ce leh G Teme eee Ca) ye le 
FOR VARIOUS VALUES OF SIGNIFICANT WAVE HEIGHTS 
USING NINE POINT MOORING SYSTEM 


es 





“£YTOOTSA PUTM JO UoTAOUNT e@ Se Aamo], JO Taeey Jo saTsuy 


(udu) AQTOOTeA PUuTM 
OS Ot O€ 02 OPE 


——————  SUTIOOW 4UTOg SUuTN 
OT 


7 BuTIOOW JUTOg aATa | 2T 
iT 
9T 


St 


"ZT AuNNlsA 


(Ssdaic30q) TeeH JO aTsuy 


74 





B. CONCLUSIONS AND RECOMMENDATIONS 

based On the results obtained in this svudy oi the 
dynamic response of the NPS ocean instrument platform to 
Wee ACTION, it can be concluded that the surge and pitch 
eeeegiven in Table IV for a five point mooring system with 
all cables attached at the bottom of the tower may be exces- 
eeeve for certain types of instrumentation. However, it is 
felt that a nine point mooring system will considerably 
decrease the platform motion as shown in Table V to the 
extent that most of the desired observations and measure- 
ments may be taken with accuracy. Considering the factors 
of dynamic wave forces, steady wind forces, and safe clear- 
ance for boating, the optimum design for a nine point moor- 
ing system is such that the lower set of cables are attacnea 
at the bottom of the tower and the upper set of lateral 
cables are attached at a point 46 feet above the bottom of 
wae LOwer. 

A number of assumptions were made in the development, 
seme Of which were conservative, OUuners (Ol whica were 
possibly non-conservative but considered necessary Wey Bille ice 
iZing the equations of motion. The conservavGive assumpU1onMs 
here wtmate git ol Une waves approach the tower from one direc- 
tion, ‘the Paces of ane geometric configuration of the 
tower model, and the use of a wave spectrum which represents 
a fully developed sea. The assumption that waves approach 
the tower from one direction is conservative for Monterey 


Bay because most of the large swell in the Bay approaches 
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Wakanes 1nto Consideraplonmeaiie ot the assumptions, it 
is felt that the results of this analysis give a conserva- 
meee Prediction of exactly how the NPS ocean instrument 
platform will respond to environmental forces using various 
Seowsn configurations. Hence, the motion of the tower is 
meecvead to be less than predicted by the analysis eee 

ies ewidererore recommended that the NPS ocean instru— 
fw De lirst installed using a five point mooring system. 
Mies Will araornidle at least Minimum suabilivny.s 1i thevnetcion 
Gimees in fact prove to be excessive, then the additional 
meee cables may be added to improve stability. One benefit 
f_eemecnis Darticular sequence is that the ténsion may be 
eeacually increased on the last four cables as they are 
bemmesinstalled so as to “tune” tie piaerorm restyrsinine 


eeismem LO its best design configuration. 
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